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ABSTRACT 
The effects of increased osmotic potentials on Reed Canarygrass 
(Phal aris arundinacea var Vantage), Tall Fescue (Festuca arundinacea 
var Kentucky 31), Orchardgrass (Dactylis glomerata var Potomac), 
Sudangrass (Sorghum sudanense var Sorghum x Ludo FS X3-2), Grain Sorghum 
(Sorghum vulgare var Dekalb 28), Smooth Bromegrass (Bromus inermis 
var Bl air), Timothy (Phleum pratense var Climax), and Winter Barley 
(Hordeum vulgare var Barsoy) were studied. The greenhouse triplicated 
experiments were conducted in modified aerated Hoagland's number 2 
nutrient solutions for a period of four weeks. 
The germination of Winter Barl ey was not inhibited by osmotic 
potentials as high as 12.00 atm., whil e Reed Canarygrass and Orchardgrass 
were the most sensitive, fail ing to germinate above 7.00 atm. (Table 1). 
Fresh weight decreased as the osmotic potential increased up to 3.00 atm., 
after which no plants survived except for Timothy, which did show some 
growth at 4.00 atm. (Table 3). These results indicate that even though 
germination may occur at high osmotic concentrations (Table 1), most 
forage grasses are unable to grow and mature at any osmotic potential 
greater than 3.00 atm. A significant interaction between the osmotic 
potential s and the species studied was determined by the use of a two-way 
anal ysis of variance (Table 4). 
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SALINITY TOLERANCE IN FORAGE GRASSES 
The response of plants to saline environments is of increasing 
interest to agriculturalists, since many soils are becoming more saline 
as time passes. Further expansion of agriculture must consider the 
cultivation of saline soils and the use of water with a relatively high 
content of soluble salts. Moreover, industrial development in many 
countries is causing severe water pollution, especially of rivers. 
Mismanagement in agriculture often induces secondary salinization of 
soils and sources of irrigation water. 
Salinity in soil or water presents stress conditions for crop plants 
that is of increasing impo,rtance in agriculture. It is of utmost 
importance to know the various responses of plants to salinity and to 
understand the nature of the damage caused by salinity to agricultural 
crops. It is estimated that a third of the world1s irrigated area is 
already affected to some degree by excess salinity, primarily caused by 
inadequate drainage (42). In addition, the need to produce more food is 
continually pushing agriculture farther onto marginal lands often 
characterized by soils and waters with a high degree of natural salinity. 
Salinity tolerance would, therefore, be a highly desirable characteristic 
to introduce into crop plants if yield potential could also be maintained. 
Crop salt tolerance has usually been expressed in terms of the 
expected yield decrease for a given level of soluble salts in the root 
medium as compared with yields under non-saline conditions (10). Salt 
tolerance is a relative value based upon cultural conditions under which 
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the crop was grown. Salt tolerance lists published by the U. S. Salinity 
Laboratory (12) represent relative tolerances when crops are grown under 
conditions simulating recommended cultural management practices for 
commercial production. Absolute tolerances that reflect inherent 
physiological responses by plants cannot be determined because many 
interactions among plant, soil, water, and environmental factors influence 
the plant's ability to tolerate salt. Useful quantitative salt tolerance 
data must account for these interacting factors and be based upon 
appropriate measures of soil salinity and plant response. 
Botanists and plant physiologists study plants; their form, growth, 
metabolism, and response to external stimuli. A challenging problem for 
them is to understand the difference between glycophytes - plants growing 
in a non-saline environment, and halophytes - plants growing in salt 
marshes, sea water, or in saline soils. The problem includes the elucidation 
of structural and functional adaptations which enable halophytes to 
tolerate a saline environment or actually thrive in it. Ecologists and 
environmentalists are interested in the relationships between plants and 
their environment, from climatic, edaphic, and biotic points of view (36). 
Generally, terrestrial plants grow better in non-saline environments 
and, consequently, require less energy for ion transport than halophytic 
plants. It is probably this energy expenditure which ultimately decreases 
growth. It is not expected that plant yields in extremely saline 
environments can rival those in non-saline areas (42). However, salt­
tolerant plants may soon be developed that can withstand moderate increases 
in salt without significant yield reductions. Other varieties may be 
developed that will produce some yield at salinities which they may not 
presently survive. During this study the salt tolerance of several 
3 
varieties of forage grasses was investigated. 
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REVIEW OF LITERATURE 
Although salinity affects plants in many ways physiologically, overt 
injury symptoms seldom occur except under extreme salination. Salt-
affected plants usually appear normal, although they are stunted and may 
have darker green leaves which, in some cases, are thicker and more 
succulent. Woody species are an exception, since toxic accumulations of 
- + Cl or Na may cause necrosis and defoliation. Most herbaceous plants do 
- + not exhibit leaf injury symptoms even though some accumulate Cl and Na 
to levels as high as those causing injury in woody species. Occasionally, 
nutritional imbalances caused by salinity produce specific nutrient-
deficiency symptoms. 
The most common salinity effect is a general stunting of plant 
growth. As salt concentrations increase above a threshold level, both 
the growth rate and ultimate size of most plant species progressively 
decrease. Not all plant parts are affected equally and any correlation 
between growth response and soil salinity must take this into account. 
Top growth is often suppressed more than root growth (6). Salinity also 
increases the leaf-stem ratio of alfalfa, thereby influencing forage 
quality (22). The only agronomically significant criterion for establishing 
salt tolerance is the commercial crop yield. Too often vegetative growth 
response to salinity is not a reliable guide for predicting fruit or seed 
production. Grain yields of rice (34) and corn (26) may be greatly reduced 
without appreciably affecting straw yield. With some crops (e. g., barley, 
wheat, cotton) and some tolerant grasses, seed or fiber production are 
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decreased much less than vegetative growth (5). For root crops, storage­
root yields may be decreased much more than that of tops or fibrous 
roots (23). 
Although most plants respond to salinity as a function of the total 
osmotic potential of soil water without regard to the salt species 
present (8), some herbaceous plants and most woody plants are susceptible 
to specific ion toxicities. 
Because of these toxicities, yield losses of fruits and nuts are 
generally greater than those predicted from osmotic effects alone. 
- + . Detailed data on Cl and Na tol erances of these crops are not available, 
but tolerable levels causing yield reductions of 10% or less are 
published (11). In some cases, salinity induces nutritional imbalances 
or deficiencies causing decreased growth and plant injury for which osmotic 
effects alone cannot account (14). Blossom-end rot of tomato and pepper 
(16), blackheart of celery (18), and internal browning of lettuce (9) are 
all symptoms of Ca++ deficiency which may occur in saline soils that are 
characterized by high sulfate and low calcium levels. Magnesium deficiencies, 
also caused by high sulfate levels, have been observed on several varieties 
of table grapes (17). 
Obviously, the relationship between osmotic potential of the soil 
solution and crop yield is invalid under conditions in which specific ion 
effects are significant. Accordingly, corrections must be made for the 
additional detrimental effect. 
Perhaps the most difficult task in assessing crop salt tolerance is 
accounting for the many factors that may influence the response of the 
plant to salinity. Salt tolerance depends upon many plant, soil, water, 
and environmental variables. 
--.. ......... ______________ �� 
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Salinity affects plants at all stages of development and, for some 
crops, sensitivity varies from one growth stage to the next. Cereal crops 
seem particularly variable. Several studies show that rice is tolerant 
during germination, becomes sensitive during seedling growth, and then 
becomes increasingly more tolerant with maturation (35). Some disagreement 
exists as to the sensitivity of rice during the flowering stage; Pearson 
and Bernstein (35) found that rice becomes sensitive again during 
pollination and fertilization, whereas Kaddah, et �· (27) did not. 
Barley, wheat, and corn also are more sensitive to salinity during 
emergence and early seedling growth than during germination (7). Soybean 
tolerance may increase or decrease from germination to later growth, 
depending upon the variety (1). Of course, separating effects due to growth 
stage from those due to duration of salination are important. The data 
of Kaddah and Ghowail (26) and Meiri and Poljakoff-Mayber (32) showed 
that response was directly related to the duration of exposure to 
salinity. Damage due to high salt concentrations in the external medium 
may commonly be due to two mechanisms: (1) the reduced water potential 
1 makes it more difficult for the plant to obtain water, and, in addition, 
(2) there may be some effect due to the presence of specific ions (39). 
Stress due to high salt concentrations is brought about by water potentials 
being too negative. 
Apparently, salt tolerance may vary with soil fertility. The types 
of salinity-fertility interactions of salt tolerance data have been 
illustrated by Bernstein, Francois, and Clark (13). Crops grown on 
infertile soils generally have abnormally high apparent salt tolerance as 
compared to crops grown on fertile soils because yields on non-saline soils 
are severely limited by inadequate fertility (37). Because salinity is 
' 
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not the limiting variable governing growth, the data are of limited value. 
Obviously, proper fertilization would increase absolute yields even though 
apparent relative salt tolerance is decreased. Salt tolerance data may 
be desired for suboptimal conditions where fertilizers are either 
uneconomical or unavailable. Unless salinity causes specific nutritional 
imbalances, additional fertilization generally has little effect or reduces 
salt tolerance. Apparent decreases of salt tolerance with excess nitrogen 
applications have been reported for corn and cotton, rice, wheat, and 
spinach. No significant change in relative salt tolerance was found for 
bean or millet, berseem clover, and corn when excess nitrogen was applied 
(38). Bernstein, et�· (13) concluded from sand culture studies that high 
levels of nitrogen do not increase the salt tolerance of wheat, barley, 
corn, or six vegetable crops (garden beet, broccoli, cabbage, carrot, 
lettuce, and onion). The assimilation of N03-, the predominant form of 
nitrogen available in an aerobic environment, is critical if plants are 
to adapt, grow and reproduce in saline conditions (33) . Not only is N03-
assimilation required for growth and development, but some of its 
metabolites accumulate during stress (20). Praline apparently originates 
from recently formed glutamate ( 15). It is well known that both praline 
and betaine accumulate during stress (44). 
Whether or not the nitrogen compounds originating from N03- accumulate 
as symptoms of stress or are osmoregulants, they represent a component 
of the nitrogen economy of the plant and emphasize the need to characterize 
"03- assimilation during environmental stresses. Controversial results 
�ave been reported for the effects of salinity on nitrogen assimilation. 
i 
Helal, et al. (21) observed that, in spring barley, salinization with 
I --
. �Cl impaired growth and uptake of labeled nitrogen. The incorporation 
I 
8 
of labeled nitrogen into the protein fraction, however, was increased by 
salinity. Langdale, et �- (28) also observed that NaCl salinity increased 
the protein fraction content of stargrass. 
Rarely, if ever, are phosphorus levels excessive in soil, even with 
heavy applications, because phosphorus is adsorbed or precipitated in the 
soil. High phosphorus levels in sand or water cultures, however, may 
aggravate salt injury and decrease salt tolerance. Bernstein, et �- (13) 
reported a decrease in the salt tolerance of corn grown in sand cultures 
at soluble phosphorus levels of 16 mg/l and 64 mg/l as compared with 
1.6 mg/l. In soil, most studies have verified that excess phosphorus 
ap�lications have no effect on salt tolerance (29). Ravikovitch and 
coworkers (38), however, observed that high levels of phosphorus can 
influence salt tolerance for some crops. Fewer studies have been conducted 
on the influence of excessive potassium levels on salt tolerance, but high 
potassium levels do not seem to have a significant effect (13). 
Soil salinity and drought conditions are major constraints that 
limit crop area, yield, and total production in arid regions. They are 
permanent characteristics of about 27. 85% of the soil of the world (34). 
Very often, saline and drought conditions occur together and plant tolerance 
compared to combined stress is, therefore, of considerable interest. 
Adverse effects of both stresses are due primarily to the restricted water 
uptake by plant roots. Two distinct mechanisms are usually recognized. 
Salinity stress produces high osmotic potential of the soil solution (30) 
whereas water stress impairs soil moisture transmission (19, 25). 
However, it is recognized that the level of one stress is highly dependent 
upon the other. Excessive ion accumulation in the plant tissue and reduced 
absorption of essential elements are usually observed (9, 13). Varietal 
differences in salt and water tolerances are known to occur (31). 
Immediately after irrigation, soil water content is maximum and soluble 
salt concentration is minimal. As water is lost from the soil by 
evaporation and crop transpiration, most of the salts are excluded by 
the plant and left behind in reduced volume of soil water. The drier 
9 
the soil becomes before the next irrigation, the higher the average amount 
of salt for the irrigation cycle. Since plants tend to respond to the sum 
of the osmotic potential of the soil solution and soil matric potential, 
the more saline the soil water, the more frequent the irrigations must be 
to minimize plant water stress. Also, since osmotic potential is such a 
large factor in saline soils, the available water in a given soil 
generally decreases as salinity begins to increase. Frequent irrigation 
minimizes the influence of soil matric potential in salt tolerant studies. 
Another problem in evaluating salt tolerance studies conducted on 
field soils may develop because of a shallow water table. Deep-rooted 
plants may extract water from a shallow water table and, depending upon 
the quality of water, plants may respond much differently than expected 
from salinity levels in the soil profile. Excessive irrigation can cause 
poor soil aeration, particularly in fine-textured soils. Low oxygen levels 
have interacted with salinity to affect shoot growth of tomato and wheat 
germination (2). 
Farming and several other land-use practices have accidently created 
saline seeps on an estimated 2 million acres of dryland in the states of 
Montana, North Dakota, South Dakota, and the Canadian provinces of Alberta, 
Saskatchewan, and Manitoba. Seeps are also appearing in Oklahoma and 
Texas. Where they appear, crop production is wiped out or significantly 
reduced. Sale seeps develop in areas where the surface material is glacial 
10 
till underlain by marine shale or other layers of impermeable or barely 
permeable material (40). Both strata contain large amounts of Mg++, Na+, 
and ca++ salts. Excess precipitation picks up these salts as it moves 
down through the soil. This saline water eventually reaches the 
impermeable layers, and then moves sideways or downslope, emerging on 
agricultural land. When the water evaporates, it leaves salt behind. 
Soil scientists in these areas have studied this problem for 10 years and 
have proposed that seeding alfalfa will aid in controlling the problem. 
Alfalfa is a perennial plant that consumes large amounts of water with 
its deep roots. On areas where seeps are about to form or where they are 
rapidly expanding, alfalfa aids in picking up excess precipitation and 
prevents the salts from being carried downslope. Farmers and ranchers who 
do not normally use alfalfa are using grass instead. The grasses are 
easier to seed and manage, they also can be as effective as the alfalfa 
(40). The alfalfa fields are being followed by either wheat or barley 
according to soil scientists involved in the northwest reclamation program. 
Steppuhn and Jensen (43) concurrently have researched dryland salinity 
in Saskatchewan. They concluded that continuous planting of barley on 
saline damaged drylands can bring these areas back into less salt-tolerant 
crop production in as little as 2 to 3 years. The main objective of 
managing these soils, say Steppuhn and Jensen, is to control the 
concentration of salts in the upper zones of the soil, keeping the salt 
within tolerable levels for effective crop growth. Two processes operate 
naturally to achieve control: removal of water by growing plants and 
downward percolation by water from rain and snowmelt. These growing 
plants intercept the water rising through the soil to the surface, 
carrying the salts and depositing them at or near the surface. The 
11 
percolation by surface water carries the salts deeper into the soil, often 
below the root zone. 
Climate may significantly influence plant response to salinity. 
Temperature, atmospheric humidity and air pollution have markedly 
influenced salt tolerance. Many crops seem less salt tolerant when grown 
under hot dry conditions than under cool humid ones. On the other hand, 
air pollution increases the apparent salt tolerance of oxidant sensitive 
crops. Since all crops are not equally affected, these environmental 
factors must be considered when assessing salt tolerance. Ahi and Powers 
(3) found that relative yields of alfalfa, strawberry, clover, and 
saltgrass were depressed more in warm climates than in cool ones. The 
salt tolerance of beans grown in cool climates is significantly higher 
than when grown under warm conditions. High atmospheric humidity tends 
to increase the salt tolerance of some crops (24). High humidity generally 
benefits salt-sensitive crops more than tolerant crops because increases 
in salt tolerance result in greater yields. 
The initial results of the relationship between salinity and ozone 
l evels is commercially important for leafy vegetables and forage crops. 
Because some crops are affected more by air pollutants when grown under 
non-saline rather than saline conditions, such crops may seem more salt 
tolerant in areas with high air pollution. 
In summary, it can be concluded that crops tolerate salinity up to a 
threshold level, above which yiel ds decrease approximately linearly as 
salt concentrations increase. This can be held true for all crops, both 
forage and vegetable, for which salt tolerance data is available. 
12 
MATER IALS AND METHODS 
Gennination Study. Reed Canarygrass (Phalaris arundinacea var Vantage), 
Tall Fescue (Festuca arundinacea var Kentucky 31 ) , Orchardgrass (Dactylis 
glomerata var Potomac), Sudangrass (Sorghum sudanense var Sorghum x Ludo 
FS X3-2 ), Grain Sorghum (Sorghum vulgare var Dekalb 28 ), Smooth Bromegrass 
(Bromus inennis var Blair}, Timothy (Phleum pratense var Climax}, and 
Winter Barley (Hordeum vulgare var Barsoy) were germinated at various 
osmotic potentials. Ten seeds of each grass were placed on filter paper 
in separate 4 inch diameter steril e petri plates, to which 5 ml of 
nutrient solutions with osmotic potential s of 0. 75 (Hoagl and's number 2 
nutrient solution), 1. 00, 2. 00, 3. 00, 4.00, 5. 00, 6. 00, 7. 00, 8. 00, 9. 00, 
10.00, 11. 00, and 12. 00 atmospheres were added. The experiment was done 
in triplicate. The plates were covered with lids and placed under 500 
ft. ed. cool white fluorescent l ights at 25°c, with a 12 hour photoperiod. 
Proper moisture conditions were maintained during the 14 day experiment 
' by inspection, after which the number of seeds germinated was recorded. 
Seedling Growth. The eight previously mentioned grasses were grown 
' 
i hydroponically in the same solutions as were used in the germination 
1 study. Ten seeds of each grass were placed on a support medium of white 
silica sand contained in one-inch tall and two-inch diameter polyvinyl­
chloride pipe sections. Twenty-four pipe sections (3 replicates of each 
of the eight grasses) were pl aced in each aerated flat. Thirteen total 
flats were used, with each flat containing a specific osmotic potential. 
Hoagland's nutrient solution number 2 was used as the control. The grasses 
13 
were grown for a four week period, after which the surviving plants were 
excised at the support medium level and weighed. A percent weight analysis, 
using the control as the 100 percent base, was used to determine the salt 
tolerance of each of the forage grasses. A two-way analysis of variance 
was used to compare the effects of osmotic potential variation upon each 
grass species. 
14 
RESULTS AND DISCUSSION 
Table 1 shows the results of the gennination experiment in petri 
plates. The results are expressed in percent germination out of a total 
qf 30 seeds tested at each osmotic potential. An examination of this 
�ble shows that Winter Barley is able to continue to germinate at 
qsmotic potentials of at least 12 atm. It should be noted that both 
Jf the representatives of the genus Sorghum also have a high germination 
I 
qapability at high osmotic potentials. On the other hand, Reed Canarygrass, 
I 
..
. 
�rchardgrass, and Smooth Bromegrass were the most sensitive, failing to 
�erminate at osmotic potentials greater than 6 atm. All of the seeds 
ving greater ability to genninate at high osmotic potentials appear to 
ve thicker, more durable seed coats. Another interesting point, is that 
he grasses which are typically per.ennial showed less gennination at higher 
smotic potentials relative to those which are typically annuals. Winter 
rley, Grain Sorghum, and Sudangrass are annuals which showed good 
ermination at 12. 00 atm., whereas Smooth Bromegrass, Reed Canarygrass, 
and Orchardgrass are perennials which exhibited less 
Timothy, a perennial, was an exception. 
The data from the gennination experiment provide information in 
gard to the ability of these particular grasses to germinate at high 
alt concentrations and it further allows us to make an assumption that 
, hese plants may tolerate higher saline conditions. An attempt to detennine 
heir durability was examined in this experiment. The most obvious result 
.. ·bserved from the hydroponic experiment was that almost no grasses 
TABLE 1. 
smotic 
tential 
0.75 
1.00 
2.00 
3.00 
4.00 
5.00 
6.00 
7.00 
8.00 
9.00 
10.00 
11.00 
12.00 
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The percent germination of forage grasses in petri plates at 
various osmotic potentials. 
atm. FORAGE GRASSES 
WB TF T RC 
100 86. 7 93. 3 86. 7 
70 90 86. 7 63 
100 70 76. 6 60 
83 76. 6 80 66. 7 
86. 7 70 90 66. 7 
83. 3 73. 3 83. 3 60 
66. 7 80 80 53. 3 
86. 7 16. 7 13. 3 0. 0 
100 20 33. 3 0. 0 
83. 3 10 60 0. 0 
80 26. 7 30 0. 0 
83. 3 0. 0 43. 3 0. 0 
73. 3 0. 33 0. 0 0. 0 
KEY 
WB - Winter Barley 
TF - Tall Fescue 
T - Timothy 
RC - Reed Canarygrass 
SBG - Smooth Bromegrass 
GS - Grain Sorghum 
SG - Sudangrass 
OG - Orchardgrass 
SBG 
86. 7 
80 
66. 7 
83. 3 
76. 6 
80 
70 
0. 0 
0. 0 
13. 3 
0. 33 
0. 0 
0. 33 
GS SG OG 
96. 7 93. 3 86. 7 
90 86. 7 66. 7 
100 93. 3 63. 3 
93. 3 83. 3 66.7 
96. 7 90 60 
96. 7 83. 3 70 
90 83. 3 46. 7 
83. 3 40 0. 0 
70 56. 7 0. 0 
63. 3 53. 3 0. 33 
50 26.7 0. 0 
56.7 33. 3 0. 0 
70 40 0. 0 
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germinated (Table 2), or established growth ( Table 3), at any concentration 
above 3.00 atrn. This is in agreement with data published in Salisbury 
and Ross (39). None of the grasses germinated at osmotic potentials above 
3.00 atm when grown hydroponically ( Table 2), while many of them showed 
germination at 12.00 atm. when grown in petri plates ( Table 1). One 
possible explanation may be that the hydroponically grown seeds were too 
wet, thus reducing the amount of oxygen available for germination. One 
exception to no germination occurring above the level of 3.00 atrn. was the 
Orchardgrass, which germinated at 8.00 atm and also exhibited a substantial 
yield loss. This result will be discussed later in the paper. Tall 
Fescue and Smooth Bromegrass appear to be intermediate in their germination 
and growth responses to increasing osmotic potentials. As shown in Tables 
2 and 3 one replicate of Orchardgrass exhibited germination of three 
seedling at an osmotic potential of 8.00 atm. This should be noted because 
this particular variety of grass may posses a gene or genes that confer 
resistance to higher osmotic potentials. This characteristic may possibly 
be due to a mutation, and thus be of interest to agronomists working with 
saline tolerant crops. 
As shown in Table 4, there is a significant interaction between the 
osmotic potential and the species studied. The data in this table support 
the point made earlier that as osmotic potential increases, the fresh 
weight of particular grass species decreases. However, one exception was 
Timothy, which exhibited little effect from osmotic potentials as high as 
3.00 atm. Table 4 is a two-way analysis of variance which compares two 
factors A and B. Factor A refers to the grass species, while Factor B 
represents the osmotic potential used as a treatment for each species. 
Upon examination of the F-test distribution ratio, the result of each 
0. 75 
1. 00 
2. 00 
3. 00 
4. 00 
5. 00 
6. 00 
7. 00 
8. 00 
9. 00 
10. 00 
11.00 
. 12. 00 
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The percent gennination of forage grasses in the hydroponic 
experiment at various osmotic potentials. 
atm. FORAGE GRASSES 
WB TF T RC 
80 100 100 80 
70 96. 7 96. 7 76. 7 
56. 7 76. 6 93. 3 66. 7 
53. 3 56. 7 86. 7 53. 3 
0. 0 0.0 60 0. 0 
0. 0 0. 0 0. 0 0. 0 
0. 0 0. 0 0. 0 0. 0 
0. 0 0. 0 0. 0 0. 0 
0. 0 0. 0 0. 0 0. 0 
0. 0 0. 0 0. 0 0. 0 
0. 0 0. 0 0. 0 0. 0 
0. 0 0. 0 0. 0 0. 0 
0. 0 0. 0 0. 0 0. 0 
KEY 
WB - Winter Barley 
TF - Tall Fescue 
T - Timothy 
RC - Reed Canarygrass 
SBG - Smooth Bromegrass 
GS - Grain Sorghum 
SG - Sudangrass 
OG - Orchardgrass 
SBG 
80 
66. 7 
60 
26. 7 
0. 0 
0. 0 
0. 0 
0. 0 
0. 0 
0. 0 
0. 0 
0.0 
0. 0 
GS SG OG 
90 83. 3 86. 7 
76. 6 63. 3 70 
43. 3 46. 7 66. 7 
26. 7 33. 3 33. 3 
o.o 0. 0 0. 0 
0. 0 0. 0 0. 0 
0. 0 0. 0 0. 0 
0. 0 0. 0 0. 0 
0. 0 0. 0 16. 7 
0. 0 0. 0 0.0 
0. 0 0. 0 0. 0 
0. 0 0. 0 0. 0 
0. 0 0. 0 0. 0 
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TABLE 3. Forage grass growth as a percent of the control (0. 75 atm. ) , 
at various osmotic potentials. 
Osmotic 
ootential (atm. � 
0.75 
1.00 
2.00 
3.00 
4.00 
5.00 
6.00 
7.00 
8.00 
9.00 
10.00 
11.00 
12.00 
FORAGE GRASSES 
WB TF T RC 
100 100 100 100 
89. 2 96 93. 6 74. 7 
68. 2 63. 1 86. 1 40 
33. 2 56. 3 76. 9 27. 2 
0.0 0. 0 71. 1 0. 0 
0. 0 0. 0 0. 0 0. 0 
0. 0 0. 0 0. 0 0. 0 
0. 0 0. 0 0. 0 0. 0 
0. 0 0. 0 0. 0 0. 0 
0.0 0. 0 0. 0 0. 0 
0.0 0.0 0. 0 0. 0 
a. a a. a 0. 0 a. a 
0. 0 a. a a. a 0. 0 
KEY 
WB - Winter Barley 
TF - Tall Fescue 
T - Timothy 
RC - Reed Canarygrass 
SBG - Smooth Bromegrass 
GS - Grain Sorghum 
SG - Sudangrass 
OG - Orchardgrass 
SBG 
100 
93. 3 
72 
56 
0. 0 
0. 0 
0. 0 
0. 0 
0.0 
0. 0 
0.0 
o. a 
a. a 
GS SG OG 
100 100 100 
45. 8 68. 2 80. 6 
27. 4 46 69. 1 
21 27. 2 44 
0.0 0. 0 0. 0 
0. 0 0.0 0. 0 
0. 0 0. 0 0. 0 
0. 0 0. 0 0. 0 
0. 0 0. 0 18. 1 
0. 0 0.0 0. 0 
0. 0 0. 0 0. 0 
a. a 0. 0 a.a 
a. a 0. 0 0. 0 
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TABLE 4. Two-way Anal ysis of Variance, comparing the effect of increasing 
osmotic potential s on forage grass species. 
FACTOR A 
SUM SQUARES 
61. 66065 
60. 56348 
78. 96136 
1. 77 1973 
202. 95746 
KEY 
DEG FREEDOM 
7 
3 
21 
64 
95 
MEAN SQUARE 
8.808663 
20. 18783 
3.760065 
FACTOR A - Grass species 
FACTOR B - Osmotic potential s 
F-TEST RATIO 
318. 1508 
729. 1427 
135. 8058 
2. 768707E-02 
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individual grasses' reaction to separate osmotic potential treatments, it 
can be concluded that each particular species is affected differently by 
increasing osmotic potential concentrations. 
Experimental hydroponic studies are frequently used, since nutrient 
composition can be controlled. However, certain limitations do occur. 
The need for aeration is obvious, and it is usually necessary to replace 
solutions every few days, or sometimes even daily, because the composition 
changes as certain ions are more rapidly absorbed than others. This 
preferential uptake also causes changes in pH; for example, the rapid 
uptake of nitrate ions is commonly associated with the release of 
bicarbonate or hydroxyl ions (39), both of which cause an increase in pH 
of most buffered nutrient solutions. Another observation was the presence 
of algal growth on the support medium ( silica sand ). This alga was 
described by Smith (41) as a green coccoid alga, genus unidentified, which 
produces airborne zoospores and is commonly found in greenhouse environments. 
For this reason, hydroponic solutions should normally be kept dark to 
, prevent such algal growth. It was also noted that the alga exhibited 
growth only on media which contained solutions of 3. 00 atm. or less, at 
'any higher concentrations no algal growth was observed. Under greenhouse 
conditions a variety of contaminants may reach the open solution trays 
without ever being reported. 
i'1 
SUMMARY 
The purpose of this research was to detennine the most tolerant 
orage grass of the eight tested. From the data obtained, it can be 
ncluded that, of the eight species and varieties tested, Timothy var 
limax was the most resistant to high osmotic potentials, some as high 
21 
s 12. 00 atm. It was also shown in this study that none of the grasses 
enninated at osmotic potentials above 3. 00 atm. when grown hydroponically, 
hile many of them genninated at 12.00 atm. when grown in petri plates. 
his may be due to the fact that the hydroponically grown seeds were too 
t for germination to occur. 
Perennials such as Reed Canarygrass, Tall Fescue, Orchardgrass, and 
oth Bromegrass exhibited very little gennination at higher osmotic 
tentials, one exception being the Timothy, also a perennial. The annuals, 
inter Barley, Grain Sorghum, and Sudangrass exhibited good gennination 
t higher osmotic potentials. A gene mutation may have been discovered 
in that a few seedlings of Orchardgrass gen inated and 
ontinued growth at an osmotic potential of 8. 00 atm. 
The high-yielding wheat, rice, and corn varieties that are available 
'.1 , ! today, and are responsible for much of the crop production increases of 
)1 i ( i the past decades, require much water and fertilization. The challenge ,if 
"r f plant breeders today is to produce varieties that can yield well and 
!i 
;!!reliably under adverse conditions without costly inputs. Some progress ,,, 
Jt1as already been made toward developing salt-tolerant crop plants and there 
;1 
i l appears to be potential for further genetic improvement. However, 
i i 
• 1 1 I � I 
'il 
22 
development of crop varieties that combine high yield potential and high 
salinity tolerance will not be an easy task. Salinity tolerance is a 
complex characteristic of the whole plant with physiological and 
biochemical functions controlled by numerous genes. Moreover, environmental 
and soil factors heavily influence gene expression. Salt-tolerant plants 
use energy to increase cytosol salt content, thereby maintaining a low 
. water potential relative to the soil water. Use of energy for this 
purpose may ultimately cost the plant in the form of lower yields. 
Therefore, alternatives to the use of saline soil and irrigation waters 
should always be considered. Where few or no alternatives exist, salt-
1 
t�lerant crop varieties will be needed and can make an important 
c�ntribution toward meeting the world's fast growing food demand. 
i 
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